Johne's disease is a chronic infectious disease of ruminants caused by Mycobacterium avium subspecies paratuberculosis (M. paratuberculosis). Many ruminant infections with M. paratuberculosis lead to granulomatous enteritis, persistent diarrhea, progressive wasting, and finally death. Associated losses due to reduced milk production and premature culling combine to make Johne's disease one of the most costly infectious diseases of dairy cattle. Overall estimates suggest infections with M. paratuberculosis cost the U.S. dairy industry more than $200 million per year (16) . As sobering as these estimates are, many cattle with subclinical M. paratuberculosis infections go undiagnosed for several years, and thus the national infection rate and actual cost to dairy and livestock producers may be much higher. A controversial but developing link between M. paratuberculosis and human Crohn's disease suggests that this pathogen may also be an important food safety concern (4, 9) . Prevalence of M. paratuberculosis infection in the national dairy herd, the grave economic and welfare consequences of Johne's disease, and the potential for linkage to human disease combine to make a powerful case for learning more about how M. paratuberculosis infections progress and about the host immune response to this fastidious pathogen.
Cattle and other ruminants are usually infected with M. paratuberculosis in utero or in the first few months of life, via the fecal-oral route or by ingestion of infected colostrum (19, 25, 27, 30) . Shortly after initial infection, most animals begin to develop a T-cell response, characterized by release of the proinflammatory cytokines gamma interferon (IFN-␥) and tumor necrosis factor alpha (TNF-␣), as well as production of interleukin-2 (IL-2) (for a review, see reference 10). This proinflammatory cytokine cascade leads to recruitment and activation of cytotoxic CD8 ϩ T cells and other immune components, including neutrophils and additional activated macrophages, to sites of M. paratuberculosis infection (1, 2, 7, 15, 17, 18) . Activation of CD4 ϩ T cells, production of proinflammatory cytokines, and recruitment of cytolytic CD8 ϩ T cells to the site of infection comprise development of an acquired Th1-like immune response against M. paratuberculosis. Rapid development and continued maintenance of this response is a critical factor in controlling mycobacterial infections in a variety of species (14, 15, 21, 22) .
During the long subclinical phase of infection (2 to 5 years) with M. paratuberculosis, the ruminant host immune system shifts away from a beneficial cytotoxic response in favor of a Th2-like response that elicits nonprotective antibody produc-tion from B cells (17, 18, 24) . Late-stage subclinical and clinical infections with M. paratuberculosis are often associated with a strong immunoglobulin G1 antibody response (for a review, see reference 10). During the clinical stage of Johne's disease, circulating CD4
ϩ T-cell responses to M. paratuberculosis may be severely depressed, as assessed by pathogen-stimulated proliferation assays and measurement of IFN-␥ production in peripheral blood mononuclear cells (PBMCs) isolated from sick animals (5-7, 23, 24) . This antigen-specific anergy may also be accompanied by a general reduction in response of T cells to nonspecific mitogens (24) , indicating significant changes in general T-cell responses of M. paratuberculosisinfected animals. Very late clinical stage animals also exhibit a reduction in B-cell response to M. paratuberculosis antigens, although B-cell responses to mitogens remain intact and overall circulating B-cell numbers are not reduced relative to levels in control uninfected animals (29) . The mechanisms responsible for these profound and ultimately disastrous changes in the immune response to M. paratuberculosis and other mycobacteria remain unknown.
In the present report, we describe experiments using a novel bovine total leukocyte (BOTL-2) cDNA microarray resource to evaluate the response of PBMCs from cattle naturally infected with M. paratuberculosis and in various stages of Johne's disease to antigen stimulation. Prior application of the microarrays employed in this report has clearly demonstrated the utility of gene expression profiling in monitoring immune responses of cattle to general mitogens (31) and to immune system stress (8) . We reasoned that application of gene expression profiling would help define the complex interactions between M. paratuberculosis and the bovine immune system.
MATERIALS AND METHODS
Experimental animals and preparation of PBMCs. The infected and control cattle used in this study were all multiparous Holstein cows ranging in age from 24 to 48 months and were all housed on the same commercial dairy operation. The immune status of all animals with regard to M. paratuberculosis infection had been monitored by a serum enzyme-linked immunosorbent assay (ELISA) on a bimonthly basis for over 20 months prior to the initiation of experiments. Additional tests for M. paratuberculosis infection included IFN-␥ ELISA following ex vivo stimulation of PBMCs using a commercial system (BioCor, Inc., Des Moines, Iowa) and periodic fecal culture testing using a U.S. Department of Agriculture-approved testing laboratory (Michigan State University Animal Health Diagnostic Laboratory, East Lansing, Mich.). The control uninfected animals (n ϭ 3) had shown negative responses in over 2 years of testing by all assays used. The clinical M. paratuberculosis-infected animals (n ϭ 2) were strongly positive by serum ELISA (index value, Ͼ100) over the entire testing period, exhibited occasional diarrhea, and were slightly emaciated by the conclusion of these studies. The subclinically M. paratuberculosis-infected cows (n ϭ 2) displayed low to moderate positive results on serum ELISA testing (index value between 50 and 100) and shed very low (less than 5 colonies per g) levels of M. paratuberculosis in feces. Tests for IFN-␥ in the clinical and subclinical animals were strongly positive when results were analyzed as recommended by the manufacturer (BioCor, Inc.).
Blood samples were obtained from all animals via the coccygeal (tail) vein by using 2.5-cm 21-gauge multiple sample needles and a series of four 8-ml Vacutainer tubes containing heparin as an anticoagulant. Peripheral blood monocytes were prepared as previously described (28, 31) . Briefly, blood samples were centrifuged at 4°C for 20 min at 1,000 ϫ g, and the resulting buffy coat (approximately 2 ml) was transferred to a new 50-ml conical tube containing 34 ml of ice-cold sterile phosphate-buffered saline (PBS) overlaid on a 10-ml cushion of Percoll (1.084 g/ml; Sigma Chemical Co., St. Louis, Mo.). Cells were centrifuged at 1,000 ϫ g for 40 min at room temperature to separate erythrocytes and polymorphonuclear leukocytes from mononuclear cells. Following careful aspiration of the PBS, PBMCs lying at the PBS-Percoll interface were transferred to new 50-ml conical tubes, rinsed once with 20 ml of sterile PBS, and finally resuspended in maintenance medium (RPMI 1640) containing 10% heat-inactivated fetal bovine serum, 2 mM L-glutamine, 100 U of penicillin/ml, and 100 g of streptomycin/ml (complete RPMI 1640).
Stimulation of PBMCs was conducted using 10 8 live M. paratuberculosis bacteria per ml of media or concanavalin A (ConA) at a final concentration of 10 g per ml of media, each added in 200 l of PBS. Control stimulations (nil) were conducted by adding 200 l of PBS only. Separate aliquots of PBMCs from each cow were stimulated with the various treatments (nil, M. paratuberculosis, or ConA) and were incubated at 37°C for 16 to 18 h in complete RPMI 1640 without antibiotics in a humidified atmosphere of 95% air, 5% CO 2 . For RNA extraction and microarray analysis, each treatment typically consisted of two to three 75-cm 2 flasks, with each flask containing approximately 10 9 PBMCs. In previous microarray analyses using ConA stimulation of PBMCs, a dramatic enhancement of immune cell gene expression was observed when PBMCs from different animals were pooled prior to stimulation, versus stimulation in individual aliquots (31) . Therefore, all treatments used in experiments reported here were performed using individual animal PBMCs rather than pooled PBMCs.
BOTL-2 cDNA microarrays. The cDNA microarrays (BOTL-2) used in these experiments have been described previously (8, 31) . Briefly, each microarray contained 3,072 total spots consisting of 721 unique bovine expressed sequence tag (EST) clone inserts or amplicons representing known genes derived from the bovine sequence. Known genes represented on the BOTL-2 cDNA microarrays included those encoding the cytokines IL-1, IL-4, IL-5, IL-6, IL-10, IL-12, TNF-␣, IFN-␥, and transforming growth factor ␤, several matrix metalloproteinases (MMPs), CD40L, tissue inhibitors of matrix metalloproteinases (TIMPs), and various growth factor and hormone receptors. All ESTs and known genes were spotted in triplicate. Control genes included 144 glyceraldehyde-3-phosphate dehydrogenase (GAPDH) control gene spots (3 spots in each of 48 patches), 96 synthetic lambda Q control gene spots (2 per patch), 48 negative control spots (1 per patch), and numerous blank spots (13 per patch). The entire array was organized in a 4-by-12 pattern of patches, with each patch containing 64 spots in an 8-by-8 pattern. Use of these microarrays to monitor the response of bovine PBMCs to ConA demonstrated that the arrays could readily detect immune cell activation in cattle (31) . A web-accessible resource has been established (http://www.nbfgc.msu.edu) to allow scanning of microarray contents as well as to provide a readily accessible resource for searching by cDNA clone name or gene name. This resource may be used to obtain additional information on EST clones discussed in this report.
RNA extraction, preparation of labeled cDNA, and microarray analysis. RNA was extracted from the nil, M. paratuberculosis-, and ConA-stimulated PBMCs by using Trizol reagent (Invitrogen Life Technologies, Inc., Gaithersburg, Md.) as previously described (8, 31) . The quantity and quality of extracted total RNA were estimated by UV spectrophotometry and electrophoresis on 1.2% native agarose gels. To evaluate the gene expression profiles of PBMCs following various treatments, total RNA (20 g) from nil, M. paratuberculosis-, or ConAstimulated PBMCs of each animal were used as templates in reverse transcription reactions, using a commercial cDNA microarray labeling kit (Atlas Glass labeling system; Clontech Inc., Alameda, Calif.) and oligo(dT) 15 as primer. Synthesis of cDNA in this system incorporates an amino-modified dUTP into the cDNA. To provide a control for cDNA synthesis and labeling efficiency, as well as for subsequent cDNA microarray hybridization, 1 to 2 ng of synthetic lambda Q gene RNA containing an engineered poly(A) tail was spiked into each reaction mixture. Following first-strand cDNA synthesis, cDNAs from nil and M. paratuberculosis-stimulated or nil and ConA-stimulated PBMCs of each animal were differentially labeled using N-hydroxysuccinimide-derivatized Cy3 and Cy5 dyes, respectively (Amersham Pharmacia, Ltd.). Labeled cDNAs were extensively purified to remove unincorporated dyes, combined, and concentrated to 4 to 10 l using Microcon 30 spin concentrators (Millipore Corp.). Microarray hybridizations for each animal were performed by addition of concentrated Cy3 (nil) and Cy5 (ConA or M. paratuberculosis) labeled probe cDNAs to 45 l of GlassHyb (Clontech, Inc.) supplemented with 10 g of bovine serum albumin/ml and 10 g of denatured salmon sperm DNA/ml. Hybridizations were conducted for 18 to 20 h at 50°C in sealed and humidified chambers (Arrayit; TeleChem International, Inc., Sunnyvale, Calif.). Following hybridizations, the microarrays were washed twice at room temperature in 1ϫ SSC-0.05% sodium dodecyl sulfate (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate) and once at 50°C in the same solution. Washed microarrays were rinsed in double-distilled H 2 O and dried by centrifugation in a cushioned 50-ml conical centrifuge tube. This process yielded microarrays allowing direct comparison of PBMC gene expression profiles following stimulation with M. paratuberculosis or ConA versus nil stimulation for each animal.
Final microarrays were scanned immediately using a GeneTAC LS IV mi-
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croarray scanner and GeneTAC LS software (Genomic Solutions, Inc., Ann Arbor, Mich.). GeneTAC analyzer software was then used to process microarray images, find spots, integrate robot-spotting files with the microarray image and, finally, to create reports of spot intensity ratios and total spot reports. Microarray data analysis. Total spot report data from each microarray experiment were imported into a Microsoft Excel worksheet for analysis as described previously (8, 31) . Briefly, spot intensity data for the GAPDH, negative, blank, and lambda Q gene controls were separated from the sample spot report to allow assessment of any potential RNA loading, background, and cDNA synthesis efficiency effects. GAPDH Cy3 intensity was regressed on GAPDH Cy5 intensity for each of the 144 GAPDH gene spots to determine if significant dye or RNA loading effects were present. Typical slopes for the GAPDH regression line ranged from 1 to 3 for experiments reported here. If necessary, the GAPDH regression line equation was used to globally normalize sample spot Cy3 or Cy5 intensity values, both within each microarray and across multiple microarrays. Total uncorrected and GAPDH-corrected sample spot intensities were also plotted to assess the efficiency of GAPDH normalization within an experiment. In most cases, plots of all uncorrected sample intensities yielded a regression line with a slope in good agreement with that derived by using only the GAPDH control spots, supporting the use of GAPDH as a control gene for normalization in experiments with total bovine PBMCs.
For analysis of test samples, corrected spot intensity data were sorted by clone name and microarray address to isolate the triplicate data for each of the Cy3-and Cy5-labeled BOTL cDNAs and known genes within each microarray. Expression ratios (M. paratuberculosis/PBS or ConA/PBS) were independently calculated for each of the three gene replicates for an animal (one microarray per animal). Expression ratios were log transformed and used to calculate a mean log expression ratio for each gene for an animal. The mean expression ratios for each animal within our groups were combined to yield an overall average log gene expression ratio, standard error, t statistic, and P value for each gene represented on the microarray. Thus, the presented P values represent the confidence that the combined log expression ratio (n ϭ 2 for the clinical and subclinical groups and n ϭ 3 for the control group) is different from 0. For comparisons across groups, a Student's two-tailed t test was performed to assess the confidence that mean expression ratios between groups were different.
RESULTS
Differences in gene expression profiles of PBMCs from subclinical and clinical Johne's disease-positive cows following stimulation with M. paratuberculosis in vitro. As a first step in analyzing the effect of M. paratuberculosis on PBMCs from infected cattle, we hypothesized that stimulation of PBMCs from Johne's disease-positive cows in various stages of disease progression would result in vastly different immune cell gene expression profiles. As a first step in these studies, we compared gene expression profiles of PBMCs from three uninfected control cows following stimulation with M. paratuberculosis or PBS (nil). When the average relative fluorescence intensities for each gene represented on the BOTL-2 microarray were plotted for the uninfected cows, most transcripts represented on the BOTL-2 microarray were similarly expressed following nil and M. paratuberculosis stimulation (Fig.  1) . Following complete analysis of the data, only six genes (0.8%) exhibited significantly activated expression (fold change, Ͼ1.5; P Ͻ 0.1) following stimulation of the uninfected control animal PBMCs with M. paratuberculosis. This is as expected, since PBMCs from cows not previously exposed to M. paratuberculosis would not be expected to respond strongly to antigens from this pathogen. Importantly, this study suggested that most gene expression changes observed in PBMCs from infected animals would be due to infection and not to an inherent response of bovine PBMCs to M. paratuberculosis.
The (Fig. 1B) . Following complete data analysis, expression of 83 genes tended to be repressed (mean fold change, Ͼ1.5) by stimulation of PBMCs from the clinical cows with M. paratuberculosis relative to nil stimulation. Of these genes, 16 showed significantly repressed gene expression in both animals, based on our criteria of fold repression of Ͼ1.5 and a P value of Ͻ0.1 (Table 1) . Repressed genes included those encoding the Lyn B tyrosine kinase, a cell cycle-regulated microspherule protein, and a fibroblast growth factor binding protein, as well as several genes of unknown function.
In these same animals, the expression of eight genes tended to be up regulated, but the up regulation was not significant (P Ͼ 0.1) across both animals. The observed variability in expression ratios of these genes was primarily due to a failure to activate expression in PBMCs from one clinical infected animal (Table 2) . When examined within an animal, using the three gene replicates on each microarray, expression levels of IL-10 and IFN-␥ were significantly (P Ͻ 0.1) greater in PBMCs stimulated with M. paratuberculosis than in the nil control stimulated PBMCs for each of our clinical infected cows, although the absolute degree of activation was lower in PBMCs from clinical cow number 2 ( Table 2 ). Expression levels of the remaining genes in Table 2 were significantly greater in M. paratuberculosis-stimulated PBMCs relative to nil stimulated PBMCs from clinical animal number 1 only. Taken together, our results suggest that despite variability between animals, the major common response of PBMCs from both clinical M. paratuberculosis-infected cows used in this study to M. paratuberculosis was down regulation of gene expression.
The effects of stimulating PBMCs from subclinical M. paratuberculosis-infected cows with M. paratuberculosis were examined next, allowing a comparison of the response of cells from these animals to that of the clinical infected cows. A plot of normalized average Cy3 (PBS) and average Cy5 (M. paratuberculosis) signal intensities for all genes represented on the BOTL-2 cDNA microarray suggested that the response of PBMCs from subclinical cows to stimulation with M. paratuberculosis was not nearly as pronounced as that of the clinical infected animals observed previously (data not shown). However, when the data were subsequently analyzed and selected to reveal genes that tended to be up regulated or down regulated (fold change, Ͼ1.5) by exposure of PBMCs to M. paratuberculosis, expression of 71 known genes and EST clones representing 68 unique transcripts tended to be enhanced relative to nil controls. Of these 71 known genes and EST clones, 11 were significantly (P Ͻ 0.1) activated across PBMCs from both animals ( Table 3) . As with PBMCs from the clinical cows, 16 genes were significantly repressed in PBMCs from the subclinical cows following stimulation with M. paratuberculosis (Table 4) . Of these genes, only one transcript, corresponding to an EST clone (BOTL010006XG04R) of unknown function, (Cy5; x axis) . RNA isolation, probe labeling, and microarray hybridizations were conducted as described in Materials and Methods. Raw microarray intensity data for the Cy3 and Cy5 channels across three microarrays (one per animal) were normalized using GAPDH control genes, also as described in Materials and Methods. Resulting normalized intensity values were used to derive a mean relative fluorescence intensity value for each gene on the BOTL-2 microarray across all animals. The resulting mean normalized Cy3 (PBS) and Cy5 (M. Mean expression ratios of the 71 known genes and EST clones that tended to be up regulated by M. paratuberculosis in PBMCs from subclinical cows were compared with those from the clinical cows (Table 5) . Although several genes, including those for many cytokines, appeared to be similarly activated by M. paratuberculosis in PBMCs from both clinical and subclinical M. paratuberculosis-infected cows, there were many clear differences. In most cases (Ͼ50), the expression levels of genes that were activated by M. paratuberculosis in PBMCs from subclinical cows were not similarly affected in PBMCs from the clinical cows. Perhaps more importantly, there were 13 genes where differences between the subclinical and clinical groups were highly significant (P Ͻ 0.1, paired t test with n ϭ 2 per group) ( Table 5 ). This list of genes includes IL-1, several MMPs (MMP 15, MMP 19, and MT1-MMP), SPARC (secreted protein, acidic and rich in cystine), and uPAR (urokinase plasminogen activator receptor).
Most of the known cytokine genes represented on the BOTL-2 cDNA microarray tended to be activated following M. paratuberculosis stimulation of PBMCs from the subclinical and clinical infected animals (Table 5 ). However, variation in the absolute value of the ratio (M. paratuberculosis stimulation/ nil stimulation) between animals within each group reduced the overall significance of these changes, despite the fact that the direction of change (positive or negative) was the same in both animals within a group.
Repression of immune cell gene expression in PBMCs from clinical M. paratuberculosis-infected animals is not due to a general loss of immune cell function. Failure of M. paratuberculosis to activate many immune cell genes in
PBMCs from the clinical cows, as well as the observed significant repression of numerous genes in these cells, could have resulted from an antigen-specific anergy or from a general failure of the immune cells from clinical cows to respond to any stimulant. To distinguish between these possibilities, we compared gene expression profiles of PBMCs from clinical M. paratuberculosis-infected cows (n ϭ 2) with those from control uninfected cows (n ϭ 3) to ConA, a general mitogen. Consistent with our recently published results (31), ConA stimulation of PBMCs from the control uninfected cows tended to activate expression (Ͼ1.5-fold increase, ConA versus nil) of numerous immune cell genes. However, selection of these genes for only those where activation was greater than 1.5-fold and the P value was Ͻ0.1 reduced the number of significantly activated genes across all three control animals to 29 (data not shown). The list of significantly activated genes (Table 6 ). Differences were observed in the response of PBMCs from the control and clinical M. paratuberculosis-infected animals to ConA for several MMPs, glucocorticoid receptor (GCR), follicle stimulating hormone receptor (FSH-R), tissue plasminogen activator (tPA), and several EST clones (Table 6 ). In each case, it appeared that expression of these genes was not activated in PBMCs from the clinical M. paratuberculosis animals by ConA. ConA stimulation of PBMCs from the clinical M. paratuberculosis-infected cows significantly repressed expression (fold change, Ͼ1.5; P Ͻ 0.1) of only one EST (BOTL0100010_C06). This EST clone represents a bovine ortholog of the Notch 2 cell fate-determining factor and was unaffected by ConA treatment of PBMCs from the control uninfected animals (mean expression ratio ϭ 1.089).
Despite individual animal variability and exceptions as noted above, the overall correlation of mean expression ratios (ConA/nil) for all genes on the BOTL-2 microarray between the clinical and control cows used in this study was high (r ϭ 0.84). From these data, we concluded that the responses of PBMCs from clinical M. paratuberculosis-infected cows and uninfected cows to stimulation by a general mitogen (ConA) were similar and that there was little general immune suppression evident by analysis of gene expression profiles in the clinical M. paratuberculosis-infected cows.
DISCUSSION
The host immune response to mycobacteria tends to be quite dynamic in animals that progress to clinical disease states (10, 24) . In M. paratuberculosis infection, the ruminant immune response begins with an appropriate cytotoxic and proinflammatory activity but gradually changes to an ineffective Th2-like response, characterized by immunoglobulin G1 antibody pro- duction (for a review, see reference 10). This is curious, since maintenance of a strong cytotoxic immune activity is essential for control of intracellular pathogens such as mycobacteria (14, 15, 21, 22) . The underlying molecular mechanisms involved in shifting immune responses to mycobacterial pathogens are unknown but likely involve a complex interplay of antigen presentation, tolerance, and specific immune cell suppression (10) . While there is no doubt that the commonly known cytokines, especially IFN-␥ and IL-10, play a role in determining the outcome of the immune response to mycobacteria, there are likely many other, as yet unknown, factors involved. In this report, we used gene expression profiling on glass slide cDNA microarrays containing 721 unique bovine genes to evaluate and compare the effect of M. paratuberculosis on PBMCs from naturally infected cows in various stages of Johne's disease. Our conclusions must be subject to the caveats that animal numbers used in these studies were low and that it is possible that differences in gene expression profiles observed between groups were due to changes in specific immune cell populations. Nevertheless, our results provide an intriguing insight into the response of immune cells from Johne's diseaseafflicted cattle to M. paratuberculosis, suggesting targets for further studies by our group and by others.
A significant finding in the present study was the observation that expression levels of many genes (83 total) in PBMCs from clinical Johne's disease cows tended to be repressed following stimulation with M. paratuberculosis relative to nil stimulation. Conversely, only eight genes tended to be up regulated in the same cells, including those for IL-10 and IFN-␥. Thus, the major response of PBMCs from clinical Johne's disease cows used in this study was repression of gene expression. Of the 83 genes whose expression tended to be repressed in PBMCs from the clinical cows, only 16 were significantly repressed (P Ͻ 0.1) across both animals. Lack of significance for the remaining genes was due to differences in the absolute degree of repression, not to genes being affected in opposite directions in the two clinical cows. Of the 16 significantly repressed genes, 7 represent sequences encoding orthologs of proteins with unknown function or novel bovine ESTs, providing excellent candidates for further study. One of the more interesting known genes repressed in PBMCs from the clinical cows was the Lyn B protein tyrosine kinase. Lyn B is of critical importance in B-cell signaling through the B-cell antigen receptor (11, 26) , forming one member of a cascade leading to cell proliferation, differentiation, or death (11) . Lyn B deficiency has been associated with enhanced clonal expansion and reduced B-cell terminal differentiation (20) . In addition, Lyn B is rapidly activated following Fc-gamma receptor-mediated phagocytosis and may be a critical factor in the cellular response to pathogen entry (26) . Thus, repression of Lyn B in PBMCs from clinical M. paratuberculosis-infected cows could reduce both B-cell differentiation and macrophage signaling following uptake of opsonized bacteria. Stimulation of PBMCs from clinical M. paratuberculosis-infected cows with the general mitogen ConA produced a pattern of gene expression very similar to that observed in PBMCs from uninfected cows. These results suggest that the M. paratuberculosis-induced gene repression in PBMCs from clinical Johne's disease cows employed in this study was not due to a general failure of the immune response. Notable exceptions to this included several MMPs, including MMP 9, as well asTIMP 4, GCR, FSH-R, tPA, and several EST clones representing unknown transcripts. The significance of these differences is not clear at present, but their role in general immune responses of M. paratuberculosis-infected cattle is worthy of further study. Likewise, significant ConA-induced repression of a bovine EST clone representing the Notch 2 gene ortholog is intriguing. Notch 2 is a receptor protein that has been associated with hematopoietic cell differentiation, proliferation, and death (3, 12, 13) .
In sharp contrast to the situation with clinical Johne's disease cows, M. paratuberculosis stimulation of PBMCs from the two subclinical Johne's disease cows resulted in a predominate tendency to activate immune cell gene expression. In total, expression of 71 EST clones or known genes representing 68 unique transcripts showed a tendency to be up regulated in PBMCs from subclinical cows following exposure to M. paratuberculosis. When mean expression ratios of genes tending to be up regulated by M. paratuberculosis in PBMCs from subclinical cows were compared to expression ratios of the same 
